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Abstract 
As one of the series of CEReS International Symposiums, a symposium entitled "Remote Sensing of the 
Bangladesh, the world's largest stretch of mangroves forests (Sundarbans Reserved Forest). Around half of the 
forests of the country occur in the coastal zone. Remote sensing provides various options for continuous 
monitoring of mangrove over time. Determining the most cost-effective sensor-technique combination for 
accurate classification of mangrove is essential. Different approaches to the classification of remotely sensed data 
of mangroves are reviewed, and four different methodologies identified like Supervised classification, 
Unsupervised classification, Band ratio classification and Visual Interpretation. Landsat ETM data of mangroves 
from Bangladesh were classified using each method. Classification accuracy of Band ratio method was higher 
than other method of Landsat ETM. The most accurate combination of sensor and image processing method for 
mapping the mangroves of Bangladesh is identified. 
The most accurate combination of sensor and image processing method is Landsat TM and Band ratio; if the 
discrimination between mangrove and no mangrove vegetation is required over a large area, at relatively low time 
and money cost. . 
Keywords: Supervised Classification, Band Ratio Classification, Unsupervised Classification, Normalization, 
Accuracy Assessment. 
1. Introduction: 
The term mangrove'describes both the ecosystem and 
the plant families that have developed specialized 
adaptations to live in this tidal environment (Tomlinson, 
1986). Mangrove forests known, as'rainforests'by the sea' 
are one of the most important coastal ecosystems in the 
world in terms of primary production and coastal protection. 
Mangrove forest of Bangladesh is the world's largest 
mangroves forest (Sundarbans Reserved Forest), stretches 
for almost 6,000 square miles across India and Bangladesh, a 
natural barrier against tsunamis and frequent cyclones that 
blow in from the Bay of Bengal. Mangrove plantations are 
increasing in area but they are losing growing stock. To 
arrest this, Bangladesh has adopted several strategies. 
令 The'SustainableEcosystem Management'strategy has 
now been adopted 
令 Biodiversity conservation and enhancement has been 
taken as a key management 
令 A zoning system is being developed for both 
production and protection purposes. 
2. Importance of mangroves: 
The importance of mangroves as a coastal resource is well 
established. Mangroves support the conservation of 
biological diversity by providing habitats, spawning groUI1ds, 
nurseries and nutrients for a number of animals. A wide 
range of con皿ercial and non-commercial fish and shellfish 
also depends on these coastal forests. Mangroves play 
important roles in Nutrient retention and water quality 
improvement through filtration of sediments and pollutants; 
Global Carbon Cycle. This importance is reflected in the 
economic value of mangroves depending on use (Stevenson 
1996). 
The mangrove forest of Bangladesh, locally known as 
SUI1darbans, is believed as the largest continuous mangrove 
forest of the world (Hussain & Karim 1994; Anon. 2001b; 
Siddiqi 2001). The SUI1darbans mangrove forest is used as 
the basis for various commercial and subsistence activities. 
About 10 million people of the coastal regions are dependent 
directly or indirectly on the mangrove for a variety of 
purposes such as agriculture, fishing, catle rearing, human 
settlement, collection of housing materials, fuel wood and 
human foods and employment opportunities. 
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3. Importance of Study: 
Mangrove forests are an important economic and ecological 
resource in Bangladesh. For coastal managers and scientists, 
the most important information regarding mangrove 
ecosystems is location boundaries, area of clearance, and 
mangrove density (Green et al. 2000). 
Remote sensing applications have been applied mainly for 
mangrove inventory and mapping, change detection, and for 
management p岬oses. This study emphasizes mangrove 
conservation and sustainable utilization. Accessible spatial 
information is critical for the support of management 
planning, monitoring, and implementation of zoning and 
other management actions for mangrove conservation and 
sustainable use. So this study is important ---— 
I . To monitor changes over time 
2. To monitor deforestation and aquaculture activity 
3. Resource inventory and mapping 
Moreover the study area has been declared as world heritage. 
4. Objectives: 
The objectives of present study are as follows. 
1. Extraction of Mangrove forest using different 
Classification methods 
2. Identification of the most accurate method and 
Mapping. 
6. Data & Methodology: 
Landsat ETM images (p138r044 of2000/l 1/l 7, p138r045 of 
2000/11/17, p137r045 of 2000/11/26, p137r044 of 
1999/11/24, p136r045 of 1999/12/19, p136r044 of 
2001/02/07) with band 1-5, 7 & Spatial Resolution (30m x 
30m) were used for this study. For Training area selection, 
Google Earth and photograph had been considered. For 
accuracy assessment, GLCNMO (Visual assessment) and 
Landsat ETM with local knowledge had been used. 亨字ImageR ・ ~NormalizationI 
亨Suニ
.......... 
Classification 
Identify the most 
accurate method 
Supervised 
Extraction and 
Mapping 
5. Study area: Flow Chart of Methodology 
The Sundarbans mangrove forest is located at the south of 7. Normalization: 
the Tropic of Cancer and at the northwest of the Bay of Based on the scene p 136r044, overlapping area has been cut 
Bengal (21ｰ -22ｰ N, 89ｰ -90ｰ E) within the Khulna and compared the DN of both image and then averaged. The 
administrative division and extending over parts of Khulna, average DN value in each band applied to the entire band. 
Satkhira and Bagerhat districts. The Sundarbans mangrove 
forest covering an area of 10,000 km2 of which 65% (6500 
km月 FAO, 2003) fal within the territory of Bangladesh. 
Mangroves in Bangladesh have two major regional 
distributions of which the largest one is in the southwest 
region covering greater Khulna District, and the other is in 
the southeast region covering greater Chittagong District, Fig 1: Before Normalization Fig 2: After Normalization 
named the Chakaria Sundarbans. 
Google Earth showing the 
Map of Bangladesh and 
Landsat images 
showing the 
study area 
7.1 Procedure followed for Normalization: 
p137r044 ---. . I 
Stacking 
+ 
x Lower=v 
”‘ 
Find out the Linear Regression 
(y=mx+c) of lower (y) image for each 
band considering the same band of 
upper (x) image. 
Convert the al bands of lower image 
using derived y可mけc,thenmaking a 
new image. 
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7.2 Examples of Correlation coefficient: 
P137r044 band 1 versus p136r044 band 1 
Linear Regression, y= 1.3 lx+8.08 
Correlation Coefficient 0.76 
Fig 3: Correlation coefficient of PI37r044 band 1 versus 
p136r044 band 1 
Pl37r044 band 2 versus p136r044 band 2 
Method had been considered for extracting the Mangrove 
forest in Bangladesh. More detailed about the different 
classification methods had been describe below. 
Linear Regression, y= 1.04x+I4.19 
Correlation Coefficient 0.81 
Fig 4: Correlation coefficient of Pl37r044 band 2 versus 
p 136r044 band 2 
8. Training area Collection: 
j I マ一1a コ
冠ta 
'"O 一ｧ I .8 ゜ :$ 慧 豆ゼ::, 差al" ~ ,i >~ 
No. of regions 266 10 7 1 12 12 
Total cels 300 18 219 162 105 104 
Area in Km 2 0.24 0.15 0.18 0.13 0.09 0.08 
9.1 Unsupervised classification: 
Image data have been processed using an unsupervised 
clasification. Image enhancement was not performed. An 
unsupervised classification of the image using the K-Means 
clustering algorithm was set up to produce 50 user-defined 
classes with maximum iterations of 10. Mangrove classes 
were identified and edited with reference to field data then 
merged into a single mangrove category with other classes. 
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Map 2: Unsupeivised Classification 
9.2 Supervised Classification: 
This study also performed supeivised classification using the 
maximum likelihood decision rule. Field data or 
photographs, local experiences and QuickBird image have 
been used as training data. A 3 X3 edge enhancement filter 
was applied to the imagery for detern血ing the boundaries 
between mangrove classes and non-mangrove vegetation. 
望
The Bay of Bengal 甘
9. Image classification Methods: o 
This study performed unsupervised, supervised, Visualｷ 
Interpretation and Band ratios classification methods for 
classification to Landsat image. After the image 
clasification, accuracy assessment had been done. Based on 
the highest overall accuracy, finaly Band ratios classification 
55 110 220 330 440K.m 
Forest 
Sandy land 
Map 3: Supeivised Classification 
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9.2 Band ratio Classification: 
Band ratios in remote sensing studies of vegetation it is 
somewhat surprising that this approach has not been 
employed more regularly for mangroves. The selection of 
band ratios should be based on the physical properties and 
canopy spectra of mangrove vegetation. Landsat TM bands 
3 and 4 are either side of Caribbean mangroves'red-edge 
(Ramsey and Jensen 1996). Gray et al. (1990) on mangroves 
in Belize who used Band ratios 3/5 and 5/4. This method 
was based on the approach of Gray et al (1990). TM bands 3, 
4 and 5 also produced the best visual discrimination of the 
Mangrove/non-mangrove boundary. So ratios of 3/5 and 5/4 
were used primarily but classification result is not good for 
this study area. Finally al the Band ratios (1/2, 2/3, 3/4, 4/5, 
5/7, 7 I 1)with supervised classification were performed using 
the maximwn likelihood decision rule. For Band ratios 
classification method, same training pixels was used that 
were used for Supervised Classification method. To the best 
of our knowledge this approach has not been used in the 
Remote sensing for mangroves Mapping. 
ぇ｀
斗
Forest Cropland 
Sandy land 11 Urban /Built-Up area 
Clasification types 
Unsupervised Supervised Band Ratio 
Class name 
Area in %of Area in %of Area in %of 
krt Area km2 Area krn2 Area 
7954.1 8 、 6 7106.7 7.7 6927.5 7.5 Man宦Ovt
10447.1 1.3 12531.9 13.6 14429.9 15.6 Forest 
20138.2 21.84 21737.3 23.5 20002.6 21.7 Crop land 
49342.9 53.50 48906.8 53.0 48929.8 53.1 Water 
Urban/Build-
2684.6 2.91 580.0 0.62 580.3 0.63 
up area 
1659.3 1.79 1363.4 1.47 1356.2 1.47 Sandy land 
11. Accuracy assessment: 
Classification accuracy was detem血ed using three 
complemen血ymeasures, which are based on error matrices 
derived from independent field data. An error matrix 
compares true reference data (from habitats visited in the 
field) to the habitat types predicted from image classification. 
100 
go I 
92.5 91 
80 
70 
~こ゜ 60 
cl ao,Qっ 5'ｰ 0 
30 
20 
10 
Overall Accuracy 95% Confidence Interval 
0.882 0.861 0.855 
Overall Kappa Statistic 
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12. Conclusion: 
Remote sensing provides various options for continuous 
monitoring of mangrove over time. Detem血ing the most 
cost-effective sensor-technique combination for accurate 
classification of mangrove is essential. 
The most accurate combination of sensor and image 
processing method is Landsat TM with Band ratios; if the 
discrimination between mangrove and non-mangrove 
vegetation is required over a large area, at relatively low time 
and money cost. 
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